INTRODUCTION
Protein ingestion increases muscle protein synthesis rates (Yang et al. 2012b , 2012a , Burd et al. 2015 . The post-prandial increase in muscle protein synthesis rate has been attributed to the rise in circulating (essential) amino acid concentrations, with the post-prandial rise in circulating plasma leucine concentrations being of particular relevance (Dreyer et al. 2008 , Wall et al. 2013 . Regulation of the post-prandial muscle protein synthetic response occurs on multiple levels, ranging from protein digestion and amino acid absorption (Koopman et al. 2009 ), post-prandial insulin release and subsequent muscle perfusion (Rasmussen et al. 2006 ), amino acid uptake in muscle (Dickinson et al. 2013) , activation of anabolic signaling pathways (Fry et al. 2011) , and subsequent myofibrillar protein synthesis (Yang et al. 2012b , 2012a , Burd et al. 2015 . Differences in the anabolic properties of various proteins have been attributed to their amino acid composition (Churchward-Venne et al. 2012 ) as well as their specific protein digestion and amino acid absorption kinetics (Calbet and Holst 2004) .
The post-prandial muscle protein synthetic response to feeding is influenced by various factors that may modulate post-prandial protein digestion and amino acid absorption (Dangin et al.
2001
, Koopman et al. 2009 , Pennings et al. 2011 . For example, the post-prandial stimulation of muscle protein synthesis can be influenced by the type of protein (Dangin et al. 2001 , D r a f t amino acid availability when compared to the ingestion of the same amount of protein in a proper upright sitting body position (Holwerda et al. 2016 ).
Based upon these proof-of-principle findings, we hypothesized that food intake in an upright sitting position results in more rapid gastric emptying, thereby accelerating protein digestion and subsequent amino acid absorption when compared to feeding in a lying position.
Understanding the impact of body position on protein digestion and absorption is of important clinical relevance as many patients in the hospital remain in a lying position during and/or after feeding. Based upon our hypothesis, feeding in a lying body position could impair postprandial protein handling and, as such, contribute to the development of anabolic resistance during bed rest following injury or disease.
To test our hypothesis that post-prandial protein handling differs when protein is ingested in an upright sitting versus lying down position, we selected a group of males who were subjected to two experiments where gastric emptying rate and protein digestion were assessed after consuming 20 g protein in an upright sitting versus lying down position. To simultaneously assess gastric emptying rates and protein digestion and amino acid absorption, subjects were administered 20 g intrinsically L-[1-13 C]-phenylalanine-labeled milk protein (van Loon et al. 2009 ) mixed with 1.5 g paracetamol (acetaminophen) (van Can et al. 2014 , Panahi et al. 2014 , Holwerda et al. 2016 ). This study extends upon our previous work (Holwerda et al. 2016) and shows that protein ingestion in an upright, sitting body position accelerates gastric emptying rate when compared to protein ingestion in a lying down body position, resulting in more rapid protein digestion and amino acid absorption.
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MATERIALS & METHODS
Subjects
Eight healthy young subjects (26±1 y, 24.0±0.9 kg·m -2 ) participated in this randomized, 
Testing Protocol
After an overnight fast, a polyurethane catheter was placed in the antecubetal vein of the elbow for frequent blood sampling. At t = -30 min, a basal blood sample was collected from the catheter and blood pressure and heart rate was measured once at the upper arm and once at the ankle. After baseline measurements, subjects positioned themselves in either the sitting or supine position based on randomization. While in the seated position, subjects sat in a standardized, stationary chair with arm rests and were instructed to hold their lower back against the back support of the chair. Subjects were supervised throughout the test day and were constantly reminded to maintain the upright posture. For the lying treatment, subjects were laid in a standard hospital bed and were instructed to lay supine for the duration of the trial. Subjects were given a pillow to rest their heads, which was positioned so that the upper D r a f t 7 back would remain in contact with the bed. After subjects were positioned in the respective body positions of each treatment, they acclimatized for 30 min, after which another blood sample was collected and blood pressure and heart rate were measured (t= 0 min). Following these measurements, the test drink was ingested, signifying the start of the 300 min postprandial period. Venous blood samples were collected at t= 15, 30, 45, 60, 90, 120, 180, 240 and 300 min. Blood samples were collected in EDTA containing tubes and centrifuged at 1000 g for 10 min at 4°C. Aliquots of plasma were frozen in liquid nitrogen and stored at -80°C. Blood pressure and heart rate was measured at the upper arm and ankle at t = 60, 120, 180, 240, 300 min.
Preparation of study beverage
Subjects ingested 20 g intrinsically L-[1-13 C]-phenylalanine-labeled milk protein (MPC80) with an added 1.5 g paracetamol powder dissolved in water up to 500 mL. We chose to use 
Gastric Emptying
Gastric emptying was assessed by measuring the post-prandial rise in plasma paracetamol (acetaminophen) concentrations after ingestion of protein with 1.5 g paracetamol added Glerup et al. 2007 ). With paracetamol being rapidly absorbed in the small intestine, gastric emptying forms the rate-limiting step determining the appearance rate of paracetamol in the circulation. Peak plasma paracetamol concentrations are typically reached after 30-60 min following ingestion with a t1/2 of ~2 h (van Can et al. 2014) . We used plasma paracetamol appearance in the circulation as a marker of gastric emptying as applied previously in our laboratory (van Can et al. 2014 , Holwerda et al. 2016 as well as others (Horowitz et al. 2012 , Panahi et al. 2014 ).
Plasma analysis
Plasma glucose and insulin concentrations were analyzed using commercially available kits (Glucose HK CP, Horiba ABX Diagnostics, France, Ref: AA11A01667, and Human Insulinspecific (RIA), Merck Millipore, Germany, Cat #: HI-14K, respectively). Plasma (100 µL) for amino acid analyses was deproteinized on ice with 5-sulphosalicylic acid, mixed and the clear supernatant was collected after centrifugation. Amino acid profiles were determined using ultra-performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) as described previously (Waterval et al. 2009 ). Plasma paracetamol concentrations were analyzed with an acetaminophen assay kit (K991598, Roche, Basel, Switzerland) with the COBAS-Integra 800 immuno-assay analyzer. Briefly, acetaminophen is hydrolyzed to paminophenol and acetate. The p-aminophenol is then converted to an indophenol by enzymatic reaction. The production of indophenol is colorimetrically analyzed and is directly proportional to acetaminophen concentration in plasma.
Statistical analysis
The study was powered according to an anticipated difference in plasma leucine peak concentrations. Based on previously published data (Pennings et al. 2011, Holwerda et 
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DISCUSSION
In the present study, we observed that gastric emptying rate was accelerated when protein was ingested in an upright sitting versus supine lying body position. The post-prandial rise in circulating leucine concentrations was greater when protein was ingested in the upright sitting position, which was accompanied by a trend for greater overall plasma leucine availability when compared to the lying position.
The postprandial rise in plasma essential amino acids, and leucine in particular, is a key factor for driving the stimulation of postprandial muscle protein synthesis (Dreyer et al. 2008 , Wall et al. 2013 . In the present study, ingestion of a meal-like amount of protein rapidly principle data from our lab comparing plasma amino acid availability after protein ingestion in an upright sitting versus head-tilted down body position (Holwerda et al. 2016 ). The blunted post-prandial rise in plasma leucine and total essential amino acid concentrations after protein ingestion in a lying down position would unlikely suffice to induce a measurable post-prandial increase in muscle protein synthesis rates as demonstrated in previous work (Yang et al. 2012b (Yang et al. , 2012a .
The modulation of post-prandial plasma leucine availability has also been demonstrated in various studies assessing protein digestion and absorption kinetics and muscle protein synthesis rates after ingestion of different protein amounts (Yang et al. 2012b , Pennings et al. 2012 , Yang et al. 2012a , types (Koopman et al. 2009 , Pennings et al. 2011 ) and meals with different macronutrient compositions (Gorissen et al. 2014) . The more rapid release of dietary protein-derived amino acids into the circulation following protein ingested in a seated vs lying down position may be attributed to a delay in gastric emptying rate in the lying position. Therefore, we also assessed gastric emptying rates by measuring the increase in plasma paracetamol concentrations following the combined ingestion of protein with 1.5 g paracetamol (Glerup et al. 2007 , van Can et al. 2014 , Holwerda et al. 2016 . Peak plasma paracetamol concentrations were substantially higher in the seated vs lying down position (11.6±0.5 vs 9.3±0.6 mg . L -1 , respectively) and were reached 45 min earlier when protein was ingested in the sitting position compared to the lying position (Figure 4) . In accordance, AUC analysis of plasma paracetamol concentrations over the first 60 min after protein ingestion revealed a substantially higher gastric emptying rate in the sitting compared with lying position (Figure 4) . Furthermore, we observed a significant positive correlation between plasma paracetamol and leucine AUC during the early postprandial period (t=0-60 min; r= 0.53; P<0.05). Altogether, these data show that gastric emptying rates are 23% slower when protein is ingested in a lying body position, resulting in an attenuated post-prandial rise in circulating plasma amino acid concentrations. Of course,
we cannot exclude that other factors, such as changes in splanchnic blood flow, may contribute to the observed differences in post-prandial protein handling following food intake D r a f t in an upright sitting or supine position. These differences in post-prandial amino acid availability are similar to differences observed between slowly vs more rapidly digestible proteins (Koopman et al. 2009 , Pennings et al. 2011 , implying that body position can strongly modulate post-prandial protein handling in vivo in humans.
The present findings may be of relevance to various settings of disuse atrophy. Disuse atrophy has been partly attributed to a reduced sensitivity of the muscle protein synthetic response to the post-prandial rise in plasma amino acid concentrations, and leucine in particular (Glover et al. 2008 , Wall et al. 2016 . In the present study, we observed that protein ingestion in a lying body position results in an attenuated rise and overall availability of plasma leucine. Therefore, feeding bedridden patients in a lying down as opposed to a normal upright sitting position may attenuate the post-prandial rise in plasma amino acid concentrations, contributing to a diminished anabolic response to feeding in these patients.
Proper upright body position during and after feeding may be a prerequisite to maximize post-prandial muscle protein accretion and, as such, compensate for anabolic resistance.
In conclusion, protein ingestion in an upright sitting as opposed to a lying down position accelerates gastric emptying rate, accelerates dietary protein-derived amino acid absorption, and increases the post-prandial rise in plasma amino acid concentrations. Therefore, an upright body position during and after feeding is recommended when aiming to optimize post-prandial muscle protein accretion.
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